Nonalcoholic fatty liver disease (NAFLD) is the most common form of liver disease in the US and refers to a wide spectrum of liver damage, including simple steatosis, steatohepatitis, fibrosis and cirrhosis. The goal of the present study was to achieve a more detailed understanding of the molecular changes in response to high fat-induced liver steatosis through the identification of a differentially expressed liver transcriptome and proteome. Male C57/BL6 mice fed a high-fat lard diet for 8 weeks developed visceral obesity and hepatic steatosis characterized by significantly increased liver and plasma free fatty acid and triglyceride levels and plasma alanine aminotransferase activities. Transcriptome analysis demonstrated that, compared to the control diet (CD), high-fat diet changed the expression of 309 genes (132 up-and 177 down-regulated; by a twofold change and more, P<.05). Multiple genes encoding proteins involved in lipogenesis were down-regulated, whereas genes involved in fatty acid oxidation were up-regulated. Proteomic analysis revealed 12 proteins which were differentially expressed. Of these, glutathione S-transferases mu1 and pi1 and selenium-binding protein 2 were decreased at both the gene and protein levels. This is the first study to perform a parallel transcriptomic and proteomic analysis of diet-induced hepatic steatosis. Several key pathways involving xenobiotic and lipid metabolism, the inflammatory response and cell-cycle control were identified. These pathways provide targets for future mechanistic and therapeutic studies as related to the development and prevention of NAFLD.
Introduction
Nonalcoholic fatty liver disease (NAFLD) represents the most common form of liver disease in the US, and it is now considered to be the hepatic manifestation of the metabolic syndrome. NAFLD is composed of a spectrum of liver pathology ranging from steatosis to inflammation often with fibrosis [nonalcoholic steatohepatitis (NASH)], to cirrhosis. Patients with NASH may die due to complications of end-stage liver disease, and NASH is an increasingly common indication for liver transplantation. NASH has been identified as an important risk factor for the development of hepatocellular carcinoma [1, 2] . NAFLD is associated with obesity, insulin resistance, diabetes and hypertriglyceridemia [3, 4] . The prevalence of NASH has been increasing in parallel with these conditions, and NAFLD has become an international public health threat. Currently, the prevalence of NAFLD is estimated to range from 10% to 30%, whereas the prevalence of NASH is 3-5% [5] . Importantly, there are no FDA-approved medications for this problem.
Several hypotheses have been proposed, but the mechanisms leading to NASH are unclear. Day and James [6] initially proposed the two-hit model to explain the progression of NAFLD. The first hit is usually attributed to caloric excess resulting in the deposition of excess lipid within hepatocytes. The disease does not progress unless additional cellular events or second hits occur. These second hits promote inflammation, cell death and fibrosis, which are the histological hallmarks of NASH. The phenomena of inflammation, cellular injury and progressive fibrosis have been linked to oxidative stress, insulin resistance, mitochondrial dysfunction and deregulated cytokine signaling. In general, NASH is associated with increased pro-inflammatory cytokines such as tumor necrosis factor-α and with decreased anti-inflammatory adipocytokines such as adiponectin [7, 8] . In spite of a large number of clinical and experimental studies, the detailed, molecular mechanisms involved in the progression of NAFLD to NASH remain to be elucidated.
Recent innovations in genomic and proteomic technologies may help to clarify the complex pathogenic mechanisms of NAFLD and NASH [9] . cDNA microarrays have been used to analyze gene expression in obesity and NAFLD in experimental and human studies [10] [11] [12] [13] [14] . Proteomic analysis has been performed to identify protein markers for hepatic drug-induced steatosis [15] , fibrosis [16] and hepatocellular carcinoma [17, 18] . Other studies have included proteomic analysis of diet-induced fatty liver [19, 20] and obesity/insulin resistance [21, 22] . No NAFLD studies to date have simultaneously utilized the potentially complementary proteomic and transcriptomic technologies. Here, we employ an Agilent cDNA microarray gene chip and two-dimensional differential in-gel electrophoresis (2D-DIGE) with matrix-assisted laser desorption/ionization time-of-flight tandem mass spectrometry (MALDI-TOF/MS-MS) to discover potential gene patterns and new candidate proteins involved in the high-fat lard diet (HFLD) mouse model of NAFLD. In the present work, we examined the C57/BL6 mouse model of NAFLD which was demonstrated to produce the central obesity and liver steatosis as confirmed by blood and liver biochemical parameters and liver histology.
Materials and methods

Animals and their diets
Male C57/BL6 mice, weighing 22±2 g, were fed a HFLD (60% fat) or a control diet (CD, 10% fat) for 8 weeks. The animals were housed in a temperature-and light-controlled room. The mice had food and water ad libitum. Mouse chow was purchased from Research Diets (New Brunswick, NJ, USA). This protocol was approved by the University of Louisville Institutional Animal Care and Use Committee.
Sample collection
At 8 weeks, the mice were anesthetized with sodium-pentobarbital (nembutal, 80 mg/kg, ip). The abdominal cavity was opened and blood was withdrawn from the inferior vena cava. The liver was then perfused through the portal vein with ice-chilled saline. Part of the liver from the left lobe was harvested and fixed in 10% neutral-buffered formalin, while the remaining liver tissue was snap frozen in liquid N 2 and stored at −80°C for further analysis.
Liver histological examination
For histological analysis, liver sections were fixed in 10% buffered formalin for 24 h and embedded in paraffin. Tissue sections were deparaffinized, stained with hematoxylin-eosin (H&E) and examined under light microscopy at 200× magnification.
Biochemical assays
Kits for biochemical analysis were purchased from the following: alanine aminotransferase (ALT), glucose, cholesterol and triacylglycerols (TAG), Thermo Electron (Melbourne, Australia); nonesterified-fatty acid (NEFA), Wako Chemical USA (Richmond, VA, USA); hyaluronic acid, Corgenix, Inc. (Broomfield, CO, USA); insulin and adiponectin, Millipore (St. Charles, MO, USA). For liver TAG assay, hepatic tissue (100 mg) was homogenized in 50 mM NaCl. The homogenate (500 μl) was mixed with chloroform/methanol (2:1, 4 ml) and incubated overnight at room temperature with gentle shaking. Homogenates were vortexed and centrifuged for 5 min at 3000×g. The lower lipid phase was collected and concentrated by vacuum. The lipid pellets were dissolved in 1% Triton X100 in phosphatebuffered saline, and hepatic TAG content was determined via enzymatic colorimetric methods. Statistical analyses for biochemical assays were performed using GraphPad Prism version 5.01 for Windows. Data were expressed as mean±S.E.M. Student's t test was performed to evaluate significant differences between the compared groups, which were defined as P<.05.
cDNA microarray analysis
2.5.1. RNA preparation and cDNA assay-Total liver RNA was extracted and purified using the RNeasy Mini Kit (Qiagen, Valencia, CA, USA) and its quality assessed using the Agilent 2100 bioanalyzer (Agilent, Wilmington, DE, USA). Low RNA Input Linear Amplification kit with one color (Agilent) was used to synthesize cDNA by using the T7(dT) primer and cRNA by using the T7 RNA polymerase, which simultaneously incorporated cyanine 3-labeled CTP. Labeled cRNA was purified using the RNeasy Mini Elute kit (Qiagen), quantified spectrophotometrically, fragmented and hybridized individually to the Agilent Mouse Genome Microarray (014868) at 65°C for 17 h. The microarray was composed of 41,534 sixty-mer oligonucleotide probes representing over 41,000 mouse genes and transcript. The arrays were washed, stained and scanned using an Agilent microarray scanner (G2565BA).
2.5.2.
Microarray data analysis-Microarray data were obtained from liver samples of 12 mice (seven animals in the control group and five animals in the HFLD group). The arrays were normalized to the median of chips using a per-chip 50th percentile method. Per gene on median normalization was used to normalize the expression of every gene on its median among samples. Benjamini and Hochberg false discovery rate correction test was used for adjusting the P value. In this study, a minimum twofold change (P<.05) difference in gene expression between experimental groups was used as the inclusion criteria for a gene. All data processing steps were performed using GeneSpring GX 7.3 software (Agilent Technologies). Gene Ontology database (NCBI) and Ingenuity Pathways Analysis (IPA, Ingenuity System, Redwood City, CA, USA) were used for gene annotation and for identifying known biological networks and pathways associated with gene expression differences in response to HFLD.
Quantitative real-time polymerase chain reaction
Differential expression of selected genes identified by microarray analysis was validated by real-time SYBR Green quantitative real-time polymerase chain reaction (qRT-PCR) using the same RNA used for cDNA microarray. Primer sequences from SABiosciences (Frederick, MD, USA) were as follows: Gst m1 (PPM039104), Gst p1 (PPM03971A), Selenbp 2 (PPM34016B). Gene expression levels were calculated according to the 2 −ΔΔCt method [23] .
Proteomic analysis of liver samples
We used a high-throughput proteomic methodology consisting of 2D-DIGE followed by protein identification by MALDI-TOF/MS-MS to analyze the mice liver proteome in response to high-fat feeding. The proteomic analysis was carried out for three animals per HFLD-fed group as well as for the CD-fed mice and was performed by Applied Biomics (Hayward, CA, USA).
Briefly, liver tissue lysates were prepared by homogenizing preweighed liver pieces in 2D lysis buffer [30 mM Tris-HCl (pH 8.8), 7 M urea, 2 M thiourea and 4% CHAPS] to achieve a final protein concentration of 4 to 8 mg/ml. The three liver samples to be compared were labeled with Cy3 or Cy5 dyes, and a 1:1 mix was also labeled with Cy2 which was included with the test samples as an internal labeling control. Samples were then analyzed using an Amersham Biosciences 2D-gel system (Amersham Biosciences, Piscataway, NJ, USA). Images were scanned using Typhoon TRIO, analyzed by ImageQuant software version 5.0 (GE Healthcare) and subjected to Differential In-Gel and Biological Variation Inter-Gel analysis using DeCyder software version 6.5 (GE Healthcare). Statistical significance was assessed by Student's t test analysis. Significant change of protein abundance was defined as at least 1.5-fold difference (P<.05). Selected spots were collected with an Ettan Spot Picker (Amersham Biosciences); subjected to in-gel trypsinization, peptide extraction, peptide extraction and desalting; followed by MALDI-TOF/MC-MC (Applied Biosystems, Foster City, CA, USA) analysis to determine the protein identity. The detailed protocol of the proteomic analysis procedure is available elsewhere [24] .
Western blot analysis
To validate differentially expressed proteins identified by 2D-DIGE, selected proteins were analyzed by Western blot using commercially available antibodies from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) for GSTm1 (sc-133641) and ApoE (sc-6385); and from Lifespan Biosciences (Seattle, WA, USA) for GSTp1 (LS-C54948). In addition, lipoprotein lipase (sc-32885) and Vanin-1 (sc-16780) were selected to show agreement between 2D-DIGE and Western blot in terms of proteins whose expression was changed at the gene but not at the protein level. Liver tissue lysates were separated by sodium dodecyl sulfate (SDS)-PAGE and subsequently transferred to a PVDF membrane. Blots were visualized using Amersham Enhanced Chemiluminescence (ESL) Western blot detection (GE Healthcare).
Results
The HFLD-induced obesity and NAFLD at 8 weeks
Body weight was increased from baseline to study completion at 8 weeks in CD-fed mice by 17% compared to 81% (P<.05) in mice fed the HFLD. At 8 weeks, plasma ALT activity was significantly increased in HFLD-fed mice when compared with CD-fed mice, indicating that the diet-induced fat accumulation in the liver potentially caused liver damage resulting in liver enzyme elevation. Examination of H&E-stained slides at 200× magnification demonstrated NAFLD with HFLD feeding (Fig. 1) . CD-fed mice had normal histology (Fig.  1A) , while HFLD-fed mice developed macrovesicular steatosis without necrosis, inflammation or fibrosis (Fig. 1B) . Plasma (42%) and liver (252%) TAG and NEFA (plasma 27%, liver 76%) were significantly increased in HFLD-fed mice compared to CD-fed mice. Although no differences were seen in glucose concentrations, the insulin level was significantly greater in the HFLD-fed group (2.4-fold, P<.05), while the adiponectin level was decreased (approximately two-fold, P<.05) in HFLD-fed mice. Plasma hyaluronic acid was unchanged between treatment groups. Some of our findings corroborate previously reported results [25] [26] [27] [28] . The data are presented in Table 1 . These data clearly demonstrate that HFLD induces obesity with insulin resistance and NAFLD at 8 weeks.
Liver gene expression analysis
To identify gene expression changes associated with HFLD-induced liver steatosis, cDNA microarray analysis was performed using mRNA isolated from HFLD-and CD-fed mice. Analysis of the transcriptome showed that 309 genes were differentially expressed 2.0-fold or greater (P<.05) in response to HFLD feeding. Of these, 132 genes were induced and 177 were suppressed. The complete list of genes whose expression was significantly regulated in response to HFLD feeding is presented in Supplemental Table S1 . The high-fat induced changes in expression included genes that are involved in a variety of biological processes. Annotation of genes using the Gene Ontology database showed that the largest group of altered genes was associated with lipid metabolism, whereas detoxification/defense, inflammatory response and cell-cycle control were the next most commonly annotated groups. Using Ingenuity system pathway analysis, we identified biologically relevant networks with top function in lipid metabolism and metabolic disease (Supplemental Figures  1-3 ) associated with gene expression differences in response to HFLD.
At the level of individual genes, the key genes of lipid synthesis, such as acetyl-coenzyme A synthetase 2 (Acas2), stearoyl-coenzyme A desaturase 1 (Scd1) and elongation of very long chain fatty acids (Elovl3), were down-regulated in response to HFLD. The genes encoding enzymes of cholesterol biosynthesis, such as squalene epoxidase (Sqle), NAD(P)-dependent steroid dehydrogenase-like (Nsdhl), 3-hydroxy-3-methylglutaryl coenzyme A reductase (Hmgcr), were also decreased in the HFLD-fed mice. However, acetoacetyl-coenzyme A synthetase (Aacs), an essential enzyme for the synthesis of fatty acid and cholesterol from ketone bodies, was up-regulated. Increased expression of Aacs was possibly in response to the rise in the levels of acetyl-CoA, the substrate for ketone body production occurring due to up-regulation of genes involved in fatty acid oxidation such as carnitine palmitoyltransferase 1b (Cpt1b) and peroxisomal acyl-CoA thioesterase 2A and 2B (Pte2a, Pte2b).
Hepatic genes related to detoxification/oxidative stress responses, such as genes of the glutathione S-transferase family (Gsta1, Gsta2, Gsta4, Gstm1, Gstm3, Gstm6 and Gstp1), had lower expression levels in the HFLD group than in the CD group. HFLD-induced liver steatosis was also associated with reduced expression of multiple cytochrome P450 family genes such as Cyp2b10 and Cyp3a11. In contrast, Cyp4a10 was up-regulated. Although neither inflammation nor necrosis was observed on histological analysis of NAFLD in HFLD, several inflammatory pathways were activated. Genes encoding chemokines (Ccl2/ Mcp1, Ccl5, Cxcl 9, Cxcl 10) involved in the inflammatory response were increased in response to HFLD. Expression of several genes implicated in apoptosis was altered by HFLD. Apoptosis-associated tyrosine kinase (Aatk) and caspase 3 (Casp3) were upregulated, while Bcl-2-related ovarian killer protein (Bok), DNA-damage-inducible transcript 4 (Ddit4), SLIT-ROBO Rho GTPase-activating protein 3 (Srgap3) and sphingomyelin phosphodiesterase 3 neutral (Smpd3) were down-regulated. Although hepatocellular carcinoma was not detected histologically, it is potentially important to note that several genes associated with tumorigenesis were up-regulated in response to HFLD feeding, such as Jun oncogene (Jun), absent in melanoma 1-like gene (Aim1l), suppression of tumorigenicity 5 (St5), and Z-DNA binding protein 1 (Zbp1).
Liver proteome analysis
Liver proteome analysis using 2D-DIGE followed by protein identification by MALDI-TOF/MS-MS (Fig. 2 ) revealed 12 proteins whose expression levels were changed by >1.5-fold with significant alteration (P<.05) in the HFLD group vs. the CD-fed mice (Table 2 ). There was no direct correlation between differential mRNA and protein expression pattern; however, expression of the three proteins, namely, GSTm1, GSTp1 and SBP2, followed the expression of related genes. According to their functional properties, the identified proteins fell into six different categories: (i) proteins involved in carbohydrate, lipid and energy metabolism, such as ketohexokinase (KHK), apolipoprotein E (ApoE) and 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 (HMGCS2); (ii) proteins involved in detoxification and xenobiotic metabolism, such as glutathione S-transferases mu1 and pi1; (iii) proteins involved in amino acid metabolism, such as methionine adenosyltransferase I, alpha (MATI); (iv) molecular chaperons, such as chaperonin containing Tcp1, subunit 5, epsilon (CCT5); (v) intracellular inhibitor of the lysosomal cysteine proteinases, such as stefin A3 (STFA3); (vi) protein transport such as selenium-binding protein 2 (SBP2).
Validation of gene and protein expression by qRT-PCR and Western blot analysis
To validate some of the microarray results, qRT-PCR was performed on representative genes, such as Gstm1, Gstp1 and Selenbp2. Fig. 3 presents a comparison of gene expression levels measured by cDNA microarray and qRT-PCR and demonstrates excellent correlation in expression levels. Selected proteins GSTm1, GSTp1 and ApoE were confirmed by Western blot analysis at the protein level. As shown in Fig. 4 , there is good agreement in protein level between 2D-DIGE and Western blot analysis. In addition, we selected vanin-1 and LPL, whose differential gene expression was revealed by microarray analysis but changes at the protein level were not found by proteomic analysis. Western blot analysis (Fig. 5) did not show changes in these selected proteins either.
Discussion
The largest numbers of differentially expressed genes in HFLD-fed mice in our study were those involved in lipid metabolism. The increased fat accumulation in the liver found in HFLD-fed mice caused a down-regulation of lipogenic genes and the up-regulation of genes implicated in catabolism of free fatty acids, possibly by a feedback mechanism [29] . Increased mitochondrial β-oxidation of fatty acids is an important source of reactive oxygen species (ROS) [30] . We found that several enzymes of the GST family known to be involved in ROS detoxification were down-regulated in the diet-induced liver steatosis, which was in agreement with animal [12, 22] and human [31] studies of liver pathology. It has been reported that transcriptional activation of some GST genes was associated with the change in the redox state in conjunction with oxidative stress through an Nrf2-mediated mechanism [32] . Parallel down-regulation of Gstp1 and Gstm1 in our study at mRNA and protein levels is consistent with potentially reduced antioxidant defenses in NAFLD. This may have major implications for the progression of NAFLD and in xenobiotic and drug metabolism. Furthermore, the metallothionein 1 (Mt1) gene known to be involved in protection against oxidative stress and metal toxicity [33] was also down-regulated in the HFLD-fed group. Interestingly, the vanin-1 gene (Vnn1), encoding pantetheinase, was overexpressed in our experiment. Pantetheinase has been shown to recycle pantethenic acid and to produce cysteamine, a potent antioxidant [34] , and might be considered as a compensatory protective mechanism. Although NASH did not develop in our 8-week experiment, up-regulation of pro-inflammatory genes could have facilitated the progression from steatosis to steatohepatitis if the experiment had been conducted for a longer duration. The mechanism(s) of development of hepatic carcinoma is/are unknown, and exploration of gene networks involved in tumorigenesis found in our study could be an important direction for future investigations.
Compared to NAFLD transcriptomics, relatively little proteomic data exist for diet-induced NAFLD. Our study provides some novel proteomic data using the HFLD model of NAFLD. The protein level of MATI, a critical cellular enzyme that catalyzes the only reaction that generates S-adenosylmethionine (SAM), was increased by HFLD. High fat-mediated induction of hepatic MATI is contrary to other studies demonstrating reduced hepatic levels of SAM in diet and/or ethanol-induced fatty liver. However, increased MATI expression could potentially represent a compensatory mechanism to increased hepatic SAM demand. Furthermore, these seemingly conflicting results could be due to a varying expression of the enzymes at different stages of the development of liver steatosis. Hepatic MAT activity and expression are impaired in pathological conditions such as human cirrhosis [35] and in a variety of experimental models of liver injury [36, 37] . It has been shown that MAT1A −/− mice exhibit impaired liver regeneration [38] , are more likely to develop steatosis in response to a methionine-restricted and choline-deficient diet, spontaneously develop NASH [39] and ultimately may develop hepatocellular carcinoma [40] . Hepatic ApoE protein expression level was also increased in response to high-fat feeding. ApoE is a major protein involved in the metabolism of dietary lipids [41] . Recent animal studies and in vitro experiments have clearly established a role for ApoE in the regulation of hepatic VLDLtriglyceride secretion [42] . Our results are in agreement with observations showing that ApoE-deficient mice fed a Western-type diet were resistant to diet-induced obesity [43] . Down-regulation of the Selenbp2 gene was accompanied by twofold decrease in SBP2 protein levels in HFLD-fed mice. SBP2 has specific binding properties for selenium and acetaminophen, and is mainly expressed in the liver [44] . SBPs are considered to play an anticarcinogenic role and may also regulate cell growth [45] . Down-regulation of SBP2 was found in mice with CCl 4 -induced toxic liver fibrosis [46] , in mice maintained on an atherogenic diet [47] and in MAT1A −/− mice [48] . The role of SBP2 in liver pathology is unclear but appears to be a novel relevant target in a variety of liver diseases. Chaperonin containing Tcp1 subunit 5 epsilon (CCT5) was another down-regulated protein in HFLD. The chaperonins are key molecular complexes, which are essential in the folding of proteins to produce stable and functionally competent protein conformations [49] . The mechanism and the significance of CCT5 down-regulation in NAFLD remain to be elucidated. Protein levels of stefin A3 were also down-regulated in response to high-fat feeding. Stefins are nonglycosylated intracellular inhibitors of cysteine cathepsin proteases [50] , including cathepsins S and L, which play important roles in normal cellular functions such as protein turnover and antigen processing. Stefin A has also been reported to be a tumor suppressor gene [51] . Overweight and obese patients with type 2 diabetes had high stefin A serum concentrations [52] . However, the specific role of the stefins in the development and progression of NAFLD is currently unknown. Major urinary protein (MUP-1) level was reduced by HFLD. MUPs bind pheromones and assist in their elimination [53] . Markedly suppressed MUP-1 was found in obese ob/ob vs. lean mice [54] . The reason for the decreased expression of MUP-1 in response to HFLD feeding and its consequences are currently unknown.
Of the 309 genes and 12 proteins that underwent change in response to HFLD, expression of only three genes, Gstm1, Gstp1 and Selenbp2, was accompanied by related protein level changes. Such a low level of correspondence could be largely attributed to posttranslational modifications and regulation processes involving protein translation rate [55] , mRNA and protein stability [56] , and the intracellular location and molecular association of the protein products of expressed genes [57] . It is important to note that in the intact nondiseased liver tissue, approximately 25% of the changes in the mRNA transcript expression were not accompanied by changes in the expression of the corresponding proteins [58] . In the case of hepatic alteration produced by HFLD, even greater discordance could be expected. Furthermore, several studies have also shown only a modest transcriptome and proteome correspondence in yeast [59] , mammalian cells and assorted murine organs and organelles [60] . Alternatively, the low level of association between transcript and protein levels could also be due to technical issues. As with other large-scale analyses, error could be introduced by the methods used to determine mRNA and protein expression levels. Microarray profiling is a more mature technology and it could have higher sensitivity than 2D-DIGE. Although our comparison has limitations, this is a first attempt of parallel analysis of cDNA microarray data and 2D-DIGE proteomic platform in high fat-induced liver steatosis. The observed level of correlation between mRNA and protein expression suggests that integrated analysis of both transcriptome and proteome is important to gain understanding of pathogenesis in NAFLD.
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control diet 2D-DIGE analysis of the mice liver fed HFLD vs. CD. Analysis of the resulting 2D-DIGE gel images showed 18 protein spots to be differentially expressed between the HFLD and CD groups. Of these, six protein spots were found to be up-regulated and 12 protein spots down-regulated. Differentially expressed protein spots were excised from preparative gels, in-gel-digested with trypsin and analyzed using MALDI-TOF/MS-MS. A number of proteins were represented by several spots. (A) Liver lysates of CD-fed mice were labeled with Cy3, HFLD-fed mice with Cy5; a mixture of both (1:1) was used as internal standard labeled with Cy2. (B) Representative image of a 2D-DIGE gel (an overlay of the three dye scan images) showing spot identification numbers (refer to those in table) for proteins found differentially expressed in HFLD-fed vs. CD-fed mice. (C) 3D view of MATI, SBP2, GSTm1, GSTp1. Validation of cDNA microarray analysis by qRT-PCR. Selenbp2, Gstp1 and Gstm1 were selected to validate cDNA microarray gene expression by qRT-PCR. qRT-PCR was performed in duplicate for each mouse (four mice per group). 18S was used as an endogenous control. Results are presented as the fold changes in mRNA expression of a given gene in HFLD-fed vs. CD-fed mice. The intensity of protein bands was quantified by densitometry using the NIH Image software (NIH, Bethesda, MD, USA). For changes in protein level, ratios of the respective protein to GAPDH, as a housekeeping protein, and densitometric values were compared between HFLD-and CD-fed mice by Student's t test. The initial body weight was 22±2 g (n=13).
2D-DIGE
a Mean±S.E.M. values were calculated for seven animals in the CD-fed group and six animals for the HFLD-fed group.
Table 2
Liver proteins differentially expressed in mice fed HFLD vs. CD d Protein number gi|20848362 has been removed from the NCBI database.
